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(54) APPARATUS AND METHOD FOR GROWING SINGLE CRYSTAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain an apparatus for 
growing a single crystal, which is capable of realizing 
both of enlargement of diameter of the single crystal and 
improvement of the quality of the single crystal with a 
simple constitution in the growth of the single crystal 
such as silicon carbide by a sublimation recrystallization 
method. 

SOLUTION: Crystal growth is accelerated by providing a 
tapered guide member 6 so as to surround a space 
above a powdery raw material 7 accommodated in a 
crucible 8, fixing the lower end of the guide member 6 to 
an inner wall close to the powdery silicon carbide raw 
material 7 of the crucible 8, providing an opening part in 
the vicinity of a silicon carbide single crystal substrate 3 
whose upper end is fixed to a cover body 1 and 
introducing a sublimation gas of the raw material 7 onto 
the surface of the silicon carbide single crystal substrate 
3. The upper end of the guide member 6 does not 
contact with any of the silicon carbide single crystal 
substrate 3, a seed crystal supporting part 2, the lower surface of the cover body 1, and the 
inner wall of the crucible 8, and a portion of the sublimation gas can flow out to the outside 
through a gap between these members. Thereby, the stress to the growing silicon carbide single 
crystal 5 caused by contact with the guide member 6 can be avoided, and a high quality single 
crystal having a large diameter can be obtained. 
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[ 2 ] ±3i*H F«tt <0JJ£— «S k , JJHWS 
B B B ;fe»95£*-f S±Eg&l*lMiiIk*>iE*l£ 5mm0± 
k L^ff^S 1 E«KOJraA<?)j£££S. 

* . ±E«*§ B B B ;£Jf i JJe»BAtf» 

A£ftSMHM3 J: JJSMtthftWSiB k ^SESI £ 0 . 
5 m mlJLk 5 m mOT k L Jfctt#H 1 4 fcti 2 S«tO * 

ssA^jfcRSsa. 

[«*JB4 1 ±e#-* K»tf<o±ae-*t . ±mm» 
nmm. t osest* 5 m mvxt t t-tzn^m 1 srt » l 3 o 
v ^-m A>iEmtfo#^ B B B o^^a. 

«<0«IWWE * ±E#feAj£JI£P B l?)aot£# 0 ft JK k 

[lt#JS7] ±§E#>f F*»**tt««>5Mr4l*J»fc* 
I* 1 4> * S 5* 2 JUffift 2: #f i»»*3S 1 =5r ^ L 6 > 

[ if * jf 8 3 ±i vmswm t&msM&ghX'fc h mt 

m 1 =5rv* 1 7 c7)^-m^E»<7)#^ B s B ^fiS;^S. 

"f ft 0 . JJBWS A^K^SJMSflTft -s ff*« 7 ie 

imtm i o ] ±e#w Kama*. rtfffr*t£Aj&« 
^ra k -r & ®«gi5 k . z <mmw±&Mf\wmfr t> 

^>=5r-5> 1 &v > L 9 cov ^-fft.#>E«<03M£ B B B 
*U i^^£#fa^&^&flMl]^^£±EMWffl 



fe^^^SD^#*^-ii-TJiie«i^ B B B ±^m^ B B B ^«*$ 
*4*aK*jv^T. ±iE«^sk±iBs^>[atc. -m 

T. JbS-tfaUiEBISA. JjEmfl&ftSff. JJBB 

mm<7)^-tixti>mAL%^£oizwmL. issmw 
Bm#A*±smtiA$m^m< 1 1 t(c, ±e*m f 
^ttort^(c±Em*SA<Dj&fi£ra§r^j£-r a i t 

1 2 ] _LE#M HSP»<7)±IB-«k . JJBB 

±k Lfc»*ifl 1 1 E«<0*ISft<0jftft*i£. 
[flWWI 1 3 ] ±E^M K«»f <0±K-*«<0BBPrt 
a*. ±ES^ B B B 3^SiJfcJ:LP±EaS B 3 B OU-m^h 
Set 0 1^* < U *>o±E-«fi!lOBaPI*lJflik±E 

0. 5mmJJLk5mmJ^Tk L^ff^l 1 Jtfciil 2 

[ It^JS 1 4 ] ±EXM KaW <0±£-« k , ±IES 

ttftMrntcommz 5 mm j^±k L^ihfiqi 1 1 

±IEJlf4fflO^^(tTf£a-r-i.^«k LfclMiil ll^H 
L 1 4cov^-fix^ESi^*fe B 3 B ^^ft^r&. 

1 6 3 _bE*M i«aj»o«t"i:«ic*«-s JJE 

mz. Sat**0ft«**4 5«UlTT'ft-l.ft*3S5fEtt^ 

imza 1 8 ] isawsA^K-ft^Musft-t-ft «n 

«JI1 l^rV^Ll 70V^-m*4E«J^m^ B a B ^«^ 

a. 

[M*JH 1 9 ] JiE^M HflSW <0i*|JI^»«3&«*ftfil 
ST'ft 0 . ±E*^ B B B *^b^*m^ ftTft « 1 
7 IEK<^#^ B B B ^^^. 

[i»*3S2 0 ] ±e*m v®m\ i*ia3S:±Emte B a B 

[000 1] 

B B B *^$ feftfcfflv ^ tytLh mm&ntfL&mm&x 
v&g:umizM-?z>. 
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^mwsiWimmgmmit Lx^mx-h^K mm 

A£**J£< *n£>*i. ^#*W£!m B B &£f(Jffl L-T PSJfc 

Witf, WWT 1-30589 8-9&ff*WBIT 1 0 - 
3 6 1 9 atH B £3d^&«tt&ft£ftffl 

*ssb* t -ra z t xmm^m^^m^zmmt 
h?i $>-7imt>itzc:bt>mmzi\x^&. 
[ooo3]i27ti, zcDXo^mm^tmm^^i- 
mx\ m B B t*nii9ii, snmmm?mjk 1 7# 

*i 7tdk*m-r4W*ci i^>Tis+*»*5esttt:»is 

LT«*Sft£»» 1 2 k LHIfiAl 3^^@^LTV^ 
4. 1 7 fcHlSR. 

#JJ5r*>«SAl 3±T'l?i£ALT, jfrfti£%J|ittA 1 
5 -I<7)B#. a&Al 3C0J1H(C(±. jftftg 

XMSil 4jMSJW-4#, a@ A 1 3*<T3ric£ajL 
TV^ifcftfc. Ogt^feWBrfirr** (a : PSi£* 
ft*) . 

[0004] L*»t**»^>, jJEH7tf>sarcii, ^fe 

A 1 4 fc A 1 5 O&M £ il 4 .1 k tiT" £ 4 t O 

t m*§ B a B 1 5 coBSc*^fflw-rs t fc «, t, a i 

4 ##t£A 1 5 KM^Sr-^T . <£<2^? 77?!: 
fc£A£M#<#JSA 1 5 k v% a ffiBtffc -> 

fc. 

[0005] coraBfcJBflrt-i^ifcfc lt, 1#&¥6 
- 3 7 3 5 3 wm&BM&tLb j: 3 1= , nmfkcomw 
■tttwotrtrav^ ttwoe&wsAiowacfia* 

flsgaSt^^J&WL^rvU a KLT^ISAO&fc 
SJtPSI-fS^rft* 1 £>4. k.1 £<z>*ffiTti. ttflJ 
0S<OlBPg(cWRS<i'C, SttA^PSte****:** 
< T'# fcuJL jSAsWIttrtonTttW OfiLB^fSA 

*#T#*SAfcilV*ooT L4 a fc*> 
fc, ±3B863taiBkH«fiOiaiB*«ttS. 4fc. tfiFP 
5-3 24 9 6-*HMR£ii. itORfflteWRfif?-**:*) 
K, ft«J0SoWPg*«*SAgJ:>3*S< 

is#x#gsp zmx^mmizm lxlzo hmz . * 

tSAOJS 0 fc^tS A*<££ L T±IS Lfc<0k RtROMH 
[00 06] 

[JMBjWHfcLi 3 k-fSIS®] fit, 
tt, jfefc. SB2 0 0 0-44 38 3t^«fct5^T, 
StSA k K«k aiatc$j£3*i.*J!l4£Al£&£ia& 



w«Rta(a&t*»R4:-t* k . #^A^P@^kp n p® 

«A^^iBkflKfiR»ff«l©it:J:oT«, «fi&Afc 
WSAk*4Hi*r(cjjai , t*«*36 f **i fc , 4fc, 
Otfi A k JtfftR* k <0lBt=SBBBiS««*«fiqt-r 4 fc*> 
fc: . atSA^4>MfW3t««]Bi -C^SBUcoiH Sic J: 4 1£ 
JW««)IB6WSJl"Carv * k n 3 tfc . 4 

fc. mmtf^im k & 4 fc#> . mm<?mmzaxvb 

[0007] #$EHtSA&(cJ:4ft^3IH» 
<7)mSB a B ^BS;*^ti^T . ^ttAHJ: 4B6fta*S»t 
4ik=Sr<#^ASr««§^4^k^"C#. m^AOP 
@J£^kn a a®r6]±^M5:T-^ 4 k k itc. MAAWAT 

k-3-4. 
[0008] 

^Sii> «SrttcjfiftS-li-4«ttA<0«»*JRSL, B 

•*TiSttA*S«rt-*atSAS*MlPi:*LT*4. ±12 
at£ A k ±E«fW)Blt:tt, -**«±Sllte AOififlFfc: 

«^A«®^< k k tC. -t^p'gWSiJEJMSAOJ* 

±iB-ai*<±iB«iSA. ±ie«SA*»SP. ±ieaigH B B 

[0009] *^B^Tii. ±lB^-f Hattf^JJE-Jfi^ 

T±ieate A*®^i'M L , A UTJMSAjWRA-r 
4. JJE-JW4JJEWSA. ±iEBISAS»». 

4. jftA-^-ftJiMSAk jJE^r-f Hawoiac^t&iio 

^tSAojSAWSAk^SStt^WiMUoo. JJWT-f 

[ooio] it^JS2c7)^aTii. ±ie^-f Fawo± 

ffi-JBk, ±3EmSA^d«»**-r4JJE*«rtaiBi: 
^Sigi$-5mmlXkk-r4. C:<7)SBSij&*/h$v^k, JJE 
WBWBBtrtW^ilHSAfcJ: oTJJB-*k JJBB 
ttAoBkoBda****^, ±IB*V FSWOrtlKci-C 
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#*£AjMS*-$-4 *J *iu&**> h ifi % 5 m mfiLbOEM* 

[0011] lt*I30i(fflrCtt. ±l2#>f F»*r*>± 
K-HMWUP f*JS £ . ±32 WSflSa*»*J i t/±!2S 

MPrtjai* t ±i2«s^s»gi5ffl!iafc J; vissmaM- 

fflmtcommZO. SmmfcUiSmm&Tk-t*. ±12 
-fiiM<OB!PS:±iailSJIJ:0**<-r*ii:T, Pg 

*&A£ J: -a TWBiWfcWh.* i k £K>± U 5 m m£| 

[0012] ar*«4<^at-ctt. ±f2#-r k«s*>± 

I2-Sgk s ±IE*»rt««i:^)iBi* 5 mmtLhfc-f 

^O^fc*T^A:WSA-r4tf>£|».il:LT. 
A^£r*fc&L.-C . 

[0013] lf^50g«T'(i, ±f2*M H«*ftf>P"j 

iEWSft«^6±IEWPH!l^mttTi£ffi-r f 
4. -jeSOfc^ti. ±raHSAtRt^X<^l«Mt 

[0014] m%m6CD3iWTlZ. ±S2#-f HgBttfD* 

**t=^&±ffirta<offl««*?&±iE*iSA«*sia 

n&nWfi K>fi&k LfciSlc , 9 ft ** 4 5 fltia 
Tk-fS. *tt**)*0«LfcL-Cj«*U 

4 5*j:»)**v^, ±i2#-r Kawr«i«^>#«a 

0*<«*frfc*<*«). JWSAfc#8A#J»SL.-C#IS 
A<0*lL£UI:JS***Wf4. *BA«9PSOifc*: 
ftg«:4 5Jg£jBi.3rV*ot\ 4 5JgOTT-$>*7j;f J: 

[0015] 3**JI7^«B"C1i. ±I2#W nam*** 

«wts*srtJSkwia^&£iW2e^k-r&. z 
ttitk-t&zttf?z&. ±3&M mmt. «ba(c 

[0016] »*JS8^ar-(i, is&ma&titt'fm 
««SAk-r4. ^bs«ms B B B Ji^««s^af«ffls 

[0017] lf^JI9^ST'{i:. ±f2*'-f H«9W<0rt 
S^tt«££Mtfi£SkU ±ea*t£A£KftJ£%3U&A 



[0018] it^js i o^arcu, ±I2^m h«h- 

rt**±IE*»AOjS«ffiiak-r4««fflJk. 
«^^±ifflRSIB^^6g*m^*teJ[£* s 9±JBS 

f§(*ifflifi(cjatii^$ix4^gpfcT'm«-r4. ±f2# 

fcasSKJoTti. ±f2*M Kffl»£±lE*»rtfllSic 
^MSW«a5i:±l2«SlP ( >Uiat Srofc<3a*»*R»t 
<JM£A£j£JlT#4. 

[0019] MSB 1 1 *>#»i H *&Aa»t#&(c 

uw-4«>«>-c* ssrt^«$-tt4m^ B B B wji^&iRs 

U Si«m^^4^rtaiB0Hif*±iEfflCPH!lfc: 
SgajS*T«SA*Sm-*«SAS»a5i: ! SrLs ±12 
S«*JC»»»*-frT±ElllSA±fc:JMSA**ft*-ii: 
SSttfcfcwC, ±BB*SAk±eHfi<oiafc:. -SB** 
±E8*SAtfSS«fc:<a« L«fi^±iBR«<0ififi^)±IB 

±12— 3S#*±f2Si^A. ±l2SfeASWrgC. ±12a^A 
^'x$r±IS«^A«ffi^< k k ±I2^M HSW 

wrtfflt=±E*isA«>ja«sra*»ja-*-4 1> ^t* h . 
[0020] iMttmzxtiix. iMStistm 1 k saw) 

[0021] im i 2<^rarci±. jj&er-f hspwco 

±!2-SSk . ±i3»ISA^a*a5(&*ri±ES»rt«iii 
k WSggf 5- 5 m mJ3L± k L . ±!2lt^ 2 k 

[0022] mc* 1 30*ST-(i. JJB^T A H33«co 
±f2-S«<0BHPrtg^. ±jHHSfldd*»*JJ:t^±iE 

A^fflffi k tfOSESt^r 0.5m mtJl± 5 m m J3lT £ti>. 
Zixlzi i) . ±EiWSB3 k [»l«^**^#^>a4 . 
[0023] ff*« 1 4^^-Cii. ±12XfW HS5WC7) 
±12-Sk , ±l2SSl*I{iMkOSBII^ 5 mmfcJLLk 

l, ±i2it*JS4 k raaw«&jfc&*»is>*i4 . 

[0024] 1 5^aT'(i:. ±12^ 

rta-CIB4<ift±IB*»SA^fiR*Sia^. -«g, 4fc 
{i±l2aMAffll*^±l2J^^{Bl^[6HtTffig-r4^k 
t » ±i2fl^Ja 5 k R«tf)SMfc&*»i5>;ft.ft . 

[0025] 1 6»*arj±. ±k^m nawo 
+'t«i^t-4±iErtfi<o««ft**jjE«ftsiaog 
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C0026] mm 1 7<7)umx'it. ±ib*h ksws: 

««<7)S^-S.rt«t^«*^ : 5:'?.F*in2e«iti:L. ± 
fEfi#JS 7 1 |II«co3!j*#» t>tl& . 
[0027] m^f 1 8<02r8rCtt. ±E*8ft£ jJWfc 

ft. 

[0028] Iff^Jl 1 90^ST{±. ±IB*M K9$*f<3 
±12111^9 2:RK^MUtfl4>a«. <0«£* 

a. 

[0029] IS*3S2 OcO^j&T'ii. ±IB*'-f b*«*f 
[0 0 3 0] 

i<7mm<mmzmmizmm-t&. mi <t>) 

off 8 <0T¥SB[*l fcUJSPB t * K40£*«eH»* 7 #* 
5fe*LT&9. £*ifc*fl^4S»l*rtEH4: LT<0l# 

loTTSfctt. +dfe»*T*-i=ssaiS-fr"CiwSiiiii»» 
2*«Hftfe*t*. ^ 2 fc«, mmgkk* 

hmmmms&mi. 3 ^jg-s-mssft ft . &timm%- 
m&mm.3imm&3mu2tm&t-rz>. unit 

^^Sr J ?^^07 7>^gPl at^rU, ftoff8 

[0031] #IS<31T-t±. ftoff8l*lfc. ISMfcgfg»£ 
fi^3 k«ft^JRfi«*7Olll^BI*]0l*)HtrJ: 
3fc. «tt<0JS»«^K»»6feigRU. -e<o±4£ 

(-*) ^«-ft;^mfeB B BS«30jff«^p-r^„ * 

*H^*7ffll^|6j{fC<^fcfi£@-ri.x->'s-^Ki: L 
TfcO. -£<0T3g (ftfiSSS) li«ftS«KJ|EH»*7<0jSfiF 

fcT ssrtflwe-e* ft ft off 8 ftmmzimmg. $ *i 

6. Kfl^*MfM»*7MU if A YW&6<nfmz1l® 
2ti&. tth-h. if A KS5»6fcL *ffciS»K*M&* 
7±»OSia*«oT. Jfcfcg*WH»*7 fc ft off 8 
rtflUS . Mtt 1 Tffi i: <0I3£ JgBr L . M*fc3£3IIS*^* 

7 <r>mm#2* ^stu^summs^s. 3 «ffl*>*fc»»w 
ftas>j£*fc-r. 

[0032]^ KSW6tf>Jh*H4s DHt3£f?l#te B B B S 
«3. «^ B B B ^f352. MfrlTBOV^-ffLiitSML 

^rvudcEs^iis. *mm<mmx-\i.. m yum 

6CD±.m±. aSg B B B 30^T:frfcG[«U ±«BJPS 
D«. ^^I^S#^ B B B «« 3 d J; LT* 



£ . £ tllz X 0 . JJBBBP fc . M^*#^ b b b «r 3 ?h 
Jffltfc<7)IBfcH!Ha < »riU<*U £<0Bra;*>61fcffcS*M 
¥H»3fs7«)#W^<0-«3W1«'^aEaiLT. WtlT 

ft mwfrhnmt u<=Srvx*». tf^r f*» 6 i:*-ftss 
3 <?Diat=BiiaK:iai*» a fmtfA<7>mtdmi& 
zti&ztizx-ot. im-tz>mwmmii¥a5 mi 
(a) #bs) ##>f vmiet,zmm.Lx-w^h^b 
zmitttmizmzLx^z. zzx\ m fs»6 

H) i:«0ElfX = (D-d) /2, $£>fc;<M 

[0033] A*«fcUi, b*aW6^)J:JBt»js 1 
TBi:OE*Y*5mmBLhfri. EliYj6*5mmJa 
±S>ixff. ^frlTHm*-ri)^ B 3 B lcJ:-5TMtS 
«*ttJHI«3^IBO|«IBbWi3ii»nT. Xf-f H»»6 
Ort*t=4 TIHfiA****-^ * i t W% < , *BflW>* 

K«X= (D-d) /2«, 0. 5mmfiLL5mmOT 

h'a5tt6±3s*. a^ B B B ^dta52«, «^fs#ig B B B 
*s 3 tmmzfcm- h t ^uwsaic j: ^ x . 

«^»#S B B B ^«3^Ja]B<r)Ffra^S*m, XT-f H« 
fe't, IBlX3&»5mmSjSi4i: . 1 TffiKJSft-*- 

h &m0>mm> < * o . «ra«=whlt . m^ B B B ^ 
k <r)%m.tf%ti?ix±.wemt<zh %zk&m£L\,\ 

[ 0 0 3 4 ] *M KgP«6±Sg^hg«4off 8Wrt@ 
J: 0 'hS v tf£&X'b 0 . M^*«i£ LT us i: . 
#M h'Si5« 6 c7)±JSfc M#: 1 TM t ^SSiS Y t T 

h?f\wm&wnbtv%\\ iftwttt. *m b*aw6 

W±^m»i: Soff 8 rtffllS fc cOggiSIL & 5 m mfcJlt 
tfi036«J:<. Ztl£*)>b*^k. IftlTl^O 
ff 8 l*lffllMfc^-r S^ifeAt J: o-CK^3R*e*« 

wisnjmnmimifiti. #4 vmte^ftmz&x' 

[ 0 0 3 5 ] *M H«»6c0f«J«'eH*il42ia{i. ^ 

ttfl<ojs*ffiiBi:*i. *mm.cr>mmx'\t. m yum 

<. ir-/\'^^^LT. #ss B B B co««^ra*>' 
«**i4itcS&gf ft J; 3 fc L^t. mi ( a ) <o J: o 
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<-?z>zt **t# . &&&c7)Umfck 

*£*#<-C-#4. fcfc'U «iM«<?#4 5&J: <0± 

< 4 0 . K^R*teft 5 (c&M LT Lfc** 
£:*S»f4fc*fi.#&4. ±fc. JMSft«Dng<Otfc*a* 
a^±R <a/ctt*JBMEfc:.koT8t*&) #4 5S 

ixtf i < . CcoKfflT'jSSM-ri. £ i: fc: J: 0 . Mm. 

[0036] m®ftm0tim*x*3£b&m£ii. m-ftm 

**l*^(Mfce<«^fca3IBK«»*7 *>&at£A£&ffi 2 fill 

#4 Ygmen&m^tchtzfrX'hh. 
fcjfc+TSW. h z 1 1 x o . xf-f hs*t 6 <o 

[0037] ±ie^S&ffl^T^ B B B ^^*$-<i:?)^- 

tut. hi (b> co£?iz. w&&t%&smmm& 
A££ 3 i o»&ft£&tt 2 izmmmiz x^xm 

•£U ^l**o»8£«»LT*<3«HCKL/£R 
*24sl«aAM!tttiI (EM) -ClfflR-f 4. SfcSAfcSr 

«2oo o~2 5 o o^css) . Btttmmm&$&&3 

tffm$&z7 J: 0«v^aKi:^-S»«k ate:. 4o(j'8rt(c 

tK-fiaisMMSfiaeKs^aB karats 

-r 4 ^ t &4U£gum& a 5 ^««aK*«i*rr a - 

^tttfXfSffl&fc U EEfctiO. l-100Torr 
SSk -T 4 J: ^ . £ tilz i 0 , KftS«IHfi»* 7 

«*u £Vimnmmmmm§mi.3±-xmmgk-t 
4. 

coo38] ^wmm^mmx-it. mftsmmm 
*7ct)^®(4, *m Yune^zM, mmmmm 

sws ask 3 o*® t mtmmmmmm 1 1 cr>m.m 



jg e0>*ti*ti0Miz j: -> r « . mtfmmm%& i <o 
mma. ha Y&m6c7)WzitAt>*^m&i>$> t )o 
4. 

[ 0 0 3 9 3 «<i^«fl»*7<ojWttr.*tf> 

#W KiW6 0J^fcJfrfl^aH«6A*«3*> 
Pfra*^SEHi-r4*^ XT-f HaW* 6 £>±ffii:gtt IT® 
c7)SBiY. &4U1S4L&A&K3 <«&A3d«ai!20g 
ffi) £<0Sg|ttX= (D-d) /2. 4o0r8l*i«Mti:eO 
KEML£r. ±EBWWWW*ifcT. Hi (a)oj; 

a t . ^^r^«a 4 cojfcftasvhs < jtpi s i t 
■c# . ±EH7<o«*fliiftwj: o iz&mik4 wsmm 

fl3£WWSA5tt. ^•^ B 3 B 4*^^!HtT*M h*a5«6 

[00403 tfe. ^f-f nawr 6 a. a«*«K<!ftses 

WOT, iWte^^lftSESfiSaftlCSftS^iDt 
ft^MUS A 5 «t 0 fc iaK^ < =5:4 . £ as 

Kara 6 *» ^^i^x^isa 5 *\t ^wm 

* 0 , Tnimu^&mtx'mfcm&mmtt tmit 
^m&&mwL3tcr>mzML>tc^cr>x\ mmmmm 
$*7 tmmmm££' e mm3<7)miZi£< t* . 

eoBBH SKA £ AASLKONflf fc ^TS) 4 . 
[004 1 ] *»HH<oaft**WB-*-4fc*>tc. JJBE3 1 
(b) com*S B B H fig*^a9(ct3^T. H»W60ffl 
mn&&= 3 0JK, «^AM^«#fiA««3«0ttg 
d=l 2mm. f]A Ha5«6CD±Sg|*IgD = 1 5mm. 
*M HSPW 6 ±SS t M-ft^^AS^ 3 1 OgEiSIX = 
1. 5mm, #4 K&#6±ffifcSttlTHc0ffigiY= 

7 mm, X?M KfBtt6 JJBfc*o»8rtMBfcOBttL 
= 15mmCf^U «fl^*«fl»*7*^«L-C. 
*BA*jft*S-ltfc. ^k^#fe B B ^«3i:*-ftSm 
Mf^*7<9EBS!S = 3 5mmi L. r^3'y^X#ffl 
^•C, f£JIE;>J lOTorr, a«£ftSK 2200*C. 

2 5 0'C. f£««|SI2 4^B<0*ftT. 
Jfi*3H*£*T->fcfc£*. HI (a)«i3(;, ^r-TH 

gp» 6 rtaciar) TUt-r i^hus a 5 m*. tx^« l 

«MI±12mm, S*g(i2 6mm. Dgjfc*;^ 
« = 3 0 JKT^'-f HgPW 6 etntX'h-y 

«SA436»X»Lfc#. «fta**ttA5fc^ H«m 
6 (TJra^P^ra^'S^ 4 i i: < . «^S^#^A 5 
««* t ^tS*^A4^HIW$ixfe'9, *V H«« 6 
tcSaKLT-flcft't-iii: fc*< . aAS-C^FfitfO^ 
v ^-fbi^^MA 5 tfftbtvti . 



(7) H2002-60297 (P2002-60297A) 



[0042] liLtco i o iz, ±.im&L<r>mmz&tdf, 

*na<OK^*4M!SA 5 ££ffltc»ft ; t * . 
[0043] 02 fc*«W<0*2<^at<0»JB*^-. 

l£ B B B ffi£3 i OTtfteEBLfc**, Sfr 1 TMtOBESI 
Y £±!2&# ft J: 5 fci&gTS fltf . M-ft^ 
mfe B B »£3***M rttefflflW* J: 3 fcLT fa 

[0044] m3t,z*micom3<?>m!z<ommt lt* 

62btimVb&T*r9—tf4 F6 1 FW2 € 

»»6 *4O0T8 tratlMSRi: 2«fl§iti:-f 

immT-ffif&L. T*7*-iH F6 1 SrSMMjfc^i 

■i F 6 1 ti. -f F 6 2 ft fc i: fc fciS 

[0045] *^BJO^S£c7)^®T'{i. >f #4 F 
6 2f)*r*fc:*fl^BR*fflv^**. -f yi—tfj F 6 2 

ncomm.^m^m^xt,x^. mz?y<?)v (Ta) 
ixft. 

[ o o 4 6 ] 04 fc*#»7Dss4 commcommt lt^ 

S*m^tci£3&»i*J*»i: LT^XH' HS»^6 4$: 
«U>. fcftvMi.. ftoJJ^TmSSftft^t::. b£ 

£Me#fflK&ft. zcoxo^m^. *mm<r> 

mmcoX o \,ziJ4 H£J*K6 4 SrRttT fto{3f8 



7*>a»UmfcJ>3tf6£i:*<. SS^J:<*ga$:« 
UTS ft. 

[ 0 0 4 7 ] 0 5 lZ*%P%com 5 omt<0»JB*Srf-. 

6*-jgg (««ajk<9 = o ) t L^«^tfe^arr* 

ft. ClOj:dfc:<ifStflJ£0 = Ofc L£#4 H«tf6feffl 
vvOM&ftfcl&ftS-ltSi:, «-fC^#^B B B »« 3 fc H 

-^#fe B w, *m 6 1 umktt z. t ^r< s 

UttoaiT'. i«Alt<04USA«<4l4>ii«. sMS, 08 

ASM 3 1 PI-gOM-fl:^«#^ B B B 5 L . #«;A 
O J«* i WW S *l ft » #fe B B B 5 * 5 ft o( J' 8 rtS fc 

k& o . ft offs^^jE^j^sttrisiwaij&^-r 
ft. 

[0048] 06 tC*^HJ<J9m6 (^DHIt^ffiSr^-r. 

^y-f Hgp« 6 <nm<9rts& 2 spg^^-fL-r ft ^jt'$) o . 
^-fti^«ms B B B a«3ffli<7)fiff^js^*>9os. ap*>* 

OTT*ft. H»»6-Clf*nfcja«2 
H1S:^& < T§ . § ^PS-T ft i t K J: 

nmt mttzmm^ 5 1 m& z&z. ft z t K«t 

ft — 3covn°7p< t-fft ZkifiX'% ft . HMU 
^ «t a (cflffAA e 4 5 «sLho»»rft ~?xi>. ii 

ftcot\ #4 FS5»6<Diagfi«<3:9, Xf-f FgW6 
(C^-T ft ^^ B B B 0*^/h$ < T § ft . 
[ 0 0 4 9 ] £*5» JJEWlP»RJirWi, #fea B B t IX 

mimmm^B^m^-^fzm^iz^uxmm l^k 
mmm&&B%wuzi>. mmmg&?m&zffifrm 
coMtmikw®.Sk< / zmmLxi>i>ii>?>A,£i\ ttz. m& 
^m2n^w^B%3(r)mmt. wmi-mmx-h* 

[0®iOfS#=5rlttBJ] 

[01] 1 nmMnmmz^L . ( a > 

^&««$it^«^^^-t#i^ B 3 B ^)^SIffl«J«B&8)r 
B50, ( b ) {im^ B B B O«ft^B<7)«[B&l)f®0T'$> ft . 

[02 ] *mi<r>m2<7>mifcnBmi,z&if&w&&<otfi 

«^So«tB&B)rffi0T'* ft . 

[03 ] *minm3<r)mmcoBm< l z&i l i&mmiBcof& 
^wnmmmmx'hh. 

[04 ] *HBJ^4 0Hte^«^i3ttft#^ B 3 B ^ 
Ja6« 0«*»iHHTft ft . 

[05 ] *wj\<n&5<7ym&mw<zmiz>m&fi&>f8L 
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[06] *wm^6nm&<vBmiz&tfhm&&cDf$L 

[as ] mtn&m&nfc%mwnwmmmmTh h . 

1 m* 

2 a^H B H s»gp 



3 mmm&te&mt 

6 

7 JOlM* 
8 

9 *^ a a B ^^a 



[0U 



[02] 




1 5* 

3 zmzm^m 



[03] 



1 Si* 

2 scs^s 
crosa) 



6 tff rswa 

9 3U^g£B 




1 »* 

3 ibSPfi» 



61 w- 



7 ^bgf^f^ 

8 m^^m 

9 hm§&*ses 




1 ^ 

2 8Ma-g3a$S» 

3 fflt£!im»g& 



6 xh 

7 mibS^H©* 
8 

9 



[04] 




1 mt* 

2 ?§&S33§8fl 



-3 SS|||^f§3« 



^StL **** 



7 ffibg*gaai* 

8 IMS^S 

^^9 $&&£5Sa 
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[05] 



[06] 




1 S* 

3 m j mmzzm 

63B«3| 

64 an* SStt 



7 msmmm 

8 H£)SlSOS 

9 stsaassa 




1 m& 

3 mmzmzm& 



6 
8 

9 ^Eb^cIStS 



[07] 



[08] 




13 mmmmm 

14tfflttil&lgB 
17M»HMUX 




11 s» 

13 ^tgm^g^gs 
19 see/s^si 



3S»*o<«fTtf««aiTBl#4 X»S 

<72)%BJ§# JE# ftft 

^So<tfrf?«BlTBl#4 X^g 



(72) ^HB* *K 3§|f§ 

F^— -M##) 4G077 AA02 BE08 DA02 EG24 HA12 
5F103 AA01 AA04 DD17 GG01 HH03 



